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Nanokristal seramikler,ileri seramiklerin gelecektekiuygulamalanndaönemli etkilerIi
olabileceközgünkimyasal,fiziksel ve mekaniközellikleresahiptir.Bu çalismada,tItanyum;
izopropoksit'tentitanseramiklerihazirlanmasivekarakterizasyonuincelendi.Sekillendirilmis~
yapilar650-850oCaraligindahavaortamindasinterlendi.Sol-jel prosesive jellerin kontrollü
kurutulmasile elde edilen seramiklerinyogunluklanteorik yo!;;runlugun%79-99'u olarak'
bulundu.Sol1ar,jel1erve çökertmeyöntemleriylehazirlanantozlardanpreslenenpeletlerin
sinterlerneislemiöncesive sonrasiyogunluklarisirasiylateorikyogunlugun%40-52ve %55-\'
83'üolarakbulundu.
AnahtarKelimeler:nanokristalseramikler,titan,sinterierne,sol-jel
ABSTRACT
Nanocrystal1ineceramicspossessuniqueehemical,physicalandmeehanicalpropertieswhich~i
may have a significant impact on the future applicationsof advancedcemmies.The,
preparatiionandcharacterizationof titaniaceramIcsfromtitaniumisopropoxideprecursorwa~
investigatedin this work. Greenbodieswere air ,ginteredin the 650-850°Crangefor th~
determinationof the sinteringbehaviour.Thesintereddensitiesof the cerainicspreparedby!
sol-gelprocessingandcontrolleddryingof thegelswerein the79-99%oftheoreticaldensityl
The greeiiand sInterecidensitiesof the pelletspreparedby uniaxialpressingof powder:'
derivedfrom801s,gelsandprecipitationwerein the40-52%and55-83%re8pectively.
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i.INTRODUCTION
. -
Nanocrystalline(grainsize<100nm) ceramicshaveattractedsignificantinterestdueto the'
uniqueproperties[1, 2] such as superplastiebehavior, law sinteringtemperaturesan?..i:
potentia11yreducedthermalcondnetivity.Superplastieityis the abilityof thepolycrysta1lin
materialto experiencelarge·elongationto faHureat moderatetemperatures,Therefor~
manufacturingnear-netshapedpieceswithont machiningis possiblewith nanocrystal1iIi
ceramics[3, 4]. Nanocrystallineceramiesaresinteredat low temperaturesin orderto avoi!
extensivegrain growth. There are also indicationsthat nanoerystallineceramicsha~
extremelylawtherrnalconductivity.Thermalconductivityis directlyproportionalto theIDeal,,·
pathi~ngtbof phononswhich is delimitedby phonon-phononscatteringevents.This is in th~•.
orderofafew:rIanometersin nanocrystallineceramIcs.The distancebetweengrainboundari.
approachto thenanometerscaleandhencethe grainbonndariescanalsacontributeto tri
scatteringprocesses.Therefore,nanocrysta1linecerarnicsarea potentialtherrnalbarrier.Th~
canalsahaveapotentialapplicationof diffusionbondingfor gluinglargerceramicparts[5J.I
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· TL esepotentialapplicationsnecessitatethepreparationof minocrystallineceramicswith flnal
d:nsitiesdosetothetheoretic~ldensity:Noi:i-agglomerateclu1trafmepowdersarerequiredfor
theproductionofnanocrystal1meceramies[6].
In thiswork,thepreparationofnanocrysta1lineceramicsby usingsol-geltecbniqueshasbeen
invegtigated.CJear501softitaniapreparedbyusingtitaniumalkoxideweregelIedby agingat
roomtemperature.ThesegeIs cantainingdryingcontrolchemicaladditives(DCCA' s) were
Curtherclriedto formdensecompactswith nanornetersizedpai1icles.The sinteringbehavior
of dricdgeIsandpeUetspreparedby uniaxiaIpressingof powdersderivedfrom sols,geIsand
precipitatio~wereexamined.
2.EXPERIMENTAL PROCEDURE
Titaniasolswerepreparedfrom titanium(IV) isoprapoxide(Ti[OC(CH3)2J4) via hydrolysis
andcondensationreactions[7,8].The preparationmethodsutilizedin thesol-gelprocessingis
givenin detaitin earlierwork [5]. The greentitaniabodieswere preparedby using four
differentprocessingroutesusingthesamesolswith optimizedcompositions.
Forthepreparationof thegelderivedgreenbodies,801swereagedatroomtemperaturefor 3-
4 daysuntiltheygelled.Gelswerethendriedat40°Cin avacuumoven.Althoughthedrying
processwasvery slow,gels shrinkedextensively,therefore,crackedin severa1piecesafter
andlarduringdrying. In orderto reducetheextentof crackingof geIs,sameDCCA's were
introducedinto the s01sin 1-2 wt-% solids concentrations.Oxa1icacid, acetic acid,
polyacrylicacidandstearicacidwereusedasDCCA's. Oxalicacidandpolyacrylicacidwere
foundto be mosteffectIveDCCA' s reducingthe extentof craekingduring drying. Gel
formationdidnotoccurafter20dayswhenstearicacidwasusedastheDCCA.
! Threedifferentpowderpreparationrouteswereinvestigatedin this studyin orderto control!agglomerationin the powders which may have significant adverse effects during
1 densitication.PowderA was preparedfromtitaniageIs. Foiiowing gel dryingat 175°Cfor
1 aboutenhours,gelpiecesweregroundin a martarfoUowedby ball millingof mediumsize
~.gelpieces in analcoholk mediumfor 12hours.This suspensionwas ultrasonical1ytreated
i for fivehoursandsubsequentlydriedat70°C.The powderwasnicthercalcinedat4000etbr~ twohours.
~
~PowderB waspreparedby theprecipitationof thesol (whicli waskeptatroomtemperature
for a dayfor thestabilizatIonof the chemiealandphysicalproperties)in a largequantityof
water. Under constantstirring,the sol was slowly addedto water.Precipitationoecufred
simultaneouslyand the precipitatewas separatedby centrifugation.This precipitatewas
flmherdriedat70°Candsubsequentlygroundin amortar.Thecalcinationof thepowderwas
carriedoutat400°Cfortwo hours.
PowderC waspreparedby dryingthegelat800e for tenhoursandball milling tor 12hours
in analcoholicmedium.This suspensionwas driedat a teinperatureof 11ocefor 15hours.
Thecalcinati~moftb.eiiowderwa~carriedoutat400°Cfor twohours.
Greenpelletswerepreparedfrom powdersA, B andC by uniaxia!drypressingin a 10 inin.
diameterdieto afinaltmeknessot about1mm.at304]'yIPa.
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Gels andpelletsweresintereciin aprogrammablefurnace(Carbolite1600RHF) at650,700,
750, 800and8S0°C.The heatingandeoolingrates(10 °C/rninute)andsoakingtime (two
hours)werekeptcoiistanttor the all sinteringexperiments.fIigher teinperatureswerenot
investigateduetothepossibilityof extensivegraingrowthin thesintefedcerarnIes.
The fina!densityof thesinteredtitaniagelsandpelletsweremeasuredby usingArehimedes'
methodanda SartoriusYDO1 densitymeasurementkit. The TGA eurveswereobtainedby
ThermogravimetrieAnalyzer(TGA-51/51H, ShimadzuCo.). The poresizedistributionswere
determ.inedby ASAP 2010. The micro-hardnessof the sinteredpellets and geIs were
determinedbyVickersMicro-HarduessTester(HVS-IOOO).
3. RlCSULTS AND DiseuSSION
Dryingof thegelswasverya slowprocesssothatthegelsmostlycrackedduetothehighrate
of solventevaporation.Significantshrinkageof thegeloeeurredduringdryingbecauseof the
relati:velylow solidscontent(abaut6 wt-%)oftitaniasol.Gelsmostlydidn't stayin onepiece
bytheendof thedryingprocess.In orderto preventexcessiveerackformatianandcontrolof
the tioIventremovalprocessDCCA's were addedduringthe sol preparationstage.The
additiionof 1wt-% polyacrylicacidaceeleratedthegelationprocessandgelswereformedin
1-2days.Formatianofblurry 801sandveryfastgelationwas observedwhenpolyacrylicaid
wasaddedat 2 wt-% levels.The useof oxalieacidat 1wt-% leveldidn't affeetthegelation
timebut2 wt-% additioncausedfastergelationin 2 days.Acetic acidadditionsdidn'taffect
thegelationtimeandsol clarityat 1-2wt% levels.The solswith stearicacidadditioosdidn't
gelandprecipitationwas observedinthesol.
TGA curvesof thegel-withoutDCCA' s andeowderA is shownin Figure1.Totalweight10ss
of abaut15%was aehievedat around400 C. This steadyweight lass maybe dueto the
removal of residual akaliol and orgauies from the samples.The powder caleination
temperaturewaschosenas4000CbasedontheseTGA curves.
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Figure1. TGA curvesof thePawderA andtheGel
The resultsof the sinteringstudieson powder pelletsare shownin Fi6iure2. The greet1
densitiesof Powder A pelIetswere in the 49-53% of theoreticaldensityrange(thearetical
densityofmtile wastakenas4.21glcin3).The sintereddensityincreasedto 55%and72%at
6500C and85üoCwith significantlevelsof openanddosedporosity(14.39%and30.61%at
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650llC, 10.11%and 17.39%at 8500C respectively).The greenbodydensitIesofpowders B
andC were In the 41-46% and 49-52% rangesrespectively.The sinterecidensityof the
precipitationderivedpowderB increasedsteadilywith the sinteringtemperatureto a final
densityof 82% of theoreticaldeii.sityat 8500C (13.1% open poro§ity and 4.9% dosed
porosity).The useofultraso~1Ict:eatment,:hegeldryingtemperatureandsol precipitationall
seemto haveaffectsonthesintenngbeliayioroftbesepowders.
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Figure2. SinteringbehaviorofPowder A, B andC.
Thesinterecidensitiesof driedgelpieceswereabove88~/o f theoreticaldensityat6500Cand
mostofthespecimenshadsintereddensitiesin the94-99%range.Theadditionof DCCA's as
shownin Figure3 generallyimprovedtbefinal sintereddeiisities.Resultsgivenin Figure3
indicatethatthe preparatIonof denseTi02 ceramicsthroughDCCA controlledgel drying
withgrainsizes lowerthan100mnmaybeareality.
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Theresultsof Vieker's hardnessmeasurementson sintefedgelandpowderB pelletsare
shownin Figure4.Therewasapproximately900Hvdiffereneein hardnessbetweenthegels
andpelletswithgelhardnessvaluesabove1000Hv for 700-750oCsinteredsamples.
Theporesizedistributionfor DCCAfree gelpieeesby usingdesorptiondataandBlli method
is shownin Figure 5. The presenceof a sharppeakloeatedat abouf4 nni. porediameter
indieatesthattheunfiredstructureis veryuniform.TheBET surfaeeareaderivedpartielesize
in theseca1einedgelswereabout20 nm.The densitiesof thegelpiecesbeforesimeringwas
estimatedas70%byusingtheeumulativeporevalumesobtainedbytheBJR method.
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Figure5.BlH eumulativeporevolumepIot for driedgelpieces.
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?4: CONCLUSION
<:~~:~;:::.•.
(i:theeffectdifferentprocessingmethodsonthesinteringbehaviorof TiOigreenbodiesinthe
i650oC-850oCwasinvestigatedin thiswork.TheuseofDCCA's duringcontrolledgeldrying
IDayinake.thepreparationof ~el1se~i02 cera~1icsat.70,O-750oC. Ceramicswith such
inanameter sizedgramsmayhaveinterestmgpatentiatapplications.
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